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NOVA AQUILA 


By A. F. MiLLer 


"T’HE extraordinary light-outburst of this object was announced 

to the world at large by press-paragraphs which appeared 
on June 9th where Sunday newspapers are issued, though not 
till the following day in cities like ‘‘ Toronto the Good.’’ The 
notice published here called attention to observations of the star 
made at the Leander McCormack Observatory of the University 
of Virginia and gave the position of the Nova, with a determina- 
tion of its brightness which was rated as 0°5. Other observers 
claimed to have seen it as bright or brighter than Sirius, in which 
regard there appears to have been some uncertainty, though it 
may for a while have attained that brilliancy, but unquestion- 
ably did not maintain it long. 

Professional astronomers were of course ready at the earliest 
opportunity to commence observations with all the refined appli- 
ances at their disposal. Just who was actually the first to notice 
and call attention to the Nova will probably never be settled to 


the satisfaction of all concerned, for hosts of messages from all 
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sorts and conditions of people poured into every important obser- 
vatory throughout the world. It would seem no similar object 
was ever so extensively noticed by amateur observers and even 
by persons not claiming any special interest in matters astronom- 
ical. The scope of this paper does not permit reference to that 
subject beyond the foregoing very brief one, This circumstance 
however should not be overlooked, that after notice of the appari- 
tion had been made public, several persons claimed to have seen 
the star very bright on the night of June 7th or even that of 
June 6th. These statements were negatived by photographs of 
that region of the sky taken on those very nights at Harvard 
Observatory, showing that the star was then only of the 6th 
magnitude. A few professional astronomers of high standing 
have seemed inclined to give credence to the claims of some who 
said they saw the star quite bright on June 7th; which could 
only be explicable on the assumption that some kind of transient 
flash of brightness preceded the more permanent light-outburst. 
As to the probability, or possibility, of such an event one need 
hardly trouble now, though had such an occurrence been dulv 
reported at the time and verified by competent observers it 
would have been of very great scientific interest. 

The real implication of the statement that a very bright 
‘*new’’ star had suddenly appeared in the constellation of 
Aquila, is, that a known small stellar object in the assigned posi- 
tion, recorded as far back as 1888, and subsequently found to be 
variable between the limits of the 11th and 6th magnitudes, had 
suddenly, probably during the early daylight hours of June 8th, 
risen to such extraordinary brilliance as to outshine any other 
star in the region of the heavens wherein it appeared. Situate 
on the inner edge of the southern branch of the galaxy, near to 
the great star clusters in Scutum and Sagittarius, Nova Aquilz 
complies with the general Jaw which locates almost all nove in 
or very near to the denser regions of the Milky Way. The 
opinion now commonly held by astronomers assigns to galactic 


stars distances so enormous that the passage of light from thence 


to our system may require periods to be reckoned in thousands 
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of years. Taking some such view the Astronomer Royal 
has said that the faint star known to exist in the precise 
position now occupied by the Nova must, when only of the 
6th magnitude, have been at least fifty times as bright as the sun. 
When the outburst occurred its brightness increased fully 10,000- 
fold, which would imply a light-emission equal to half a million 
suns, each as luminous as the great central luminary of our own 
system. And even should a very great deduction be thought 
necessary from a conception so enormous, we are still confronted 
with indisputable evidence that a phenomenon of colossal magni- 
tude, which must have occurred hundreds, if not thousands, of 
vears ago, has only now come to our knowledge. 

Unfortunately for Toronto observers the nights of June 8th 
and 9th were cloudy with heavy rain. Consequently I found 
observations impossible till 10 p.m. summer time, on june 10th, 
at which hour the Nova had attained sufficient altitude to be 
observable with some degree of steadiness. Its brightness was 
then slightly inferior to that of Vega, and two hours later the 
disparity had become very obvious. It was a brilliant sparkling 
star, bluish-white in color, exceeding in brightness any other 
stars then visible, Vega and Arcturus only excepted. As a 
matter of general interest I sent on behalf of the Society a brief 
note for publication in Zhe Mail and Empire, mentioning the 
more striking characteristics, visual and spectroscopic, I had 
recorded after a somewhat cursory examination. Subsequently 
the editor of the same journal was good enough to give promin- 
euce to a rather more extended note on the same subject. 
Nothing in the line of observational study of the Nova having 
appeared in our local newspapers up to that time, I was pleased 
to learn subsequently that these notes had aroused some degree 
of popular interest. 

Deeply impressed by the phenomenal suddenness and 
brilliance of the apparition, I naturally was desirous to do every- 
thing in the line of investigation possible with the very modest 
equipment I possess. After some consideration I concluded I 
might attempt work under the following heads : 
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(1) Observations of brightness by comparison of the Nova 
with other stars to determine the rate of its decline, (which 
analogy led me to expect); whether this decline took place 
steadily or irregularly ; and whether it was attended by fluctua- 
tions. 


(2) Observations of color-changes should such occur. 


(3) Careful study of the telescopic appearance of the star 
with various powers up to the highest I could employ, to notice 
whether any evidence of duplicity or other abnormal appearance 
could be detected. 


(4) Examination of other stars visible in the field with 
the Nova, and if possible measurements of their angular distance 
from the latter. 


(5) Visual spectroscopic study of the Nova, involving 
careful examination of the spectrum as frequently as possible, 
with records of any changes detected by that means. 


My present purpose is, to lay before you as clearly and as 
briefly as I can the results of my observations under the fore- 
going heads. 


(1) OBSERVATIONS OF BRIGHTNESS 


These were generally made between 10 p.m. and midnight, 
sometimes in the small hours following midnight. To simplify 
matters and save space I have placed my results in tabular form. 
I believe the table shows quite clearly that the decline of the 
Nova though rapid, especially at the outset, was by no means 
steadily maintained, there being stays in the downward course, 
for several successive days on some occasions. It is also evident 
there were increases of brightness, not great, but certain, some- 
times occurring within short intervals of time. As a matter of 


fact it was often difficult to resist the impression that sudden 
brightenings and declines took place within periods of less than 
an hour. 


Date 


1915 


June 


1010 
11 0 
1211 
1311 


Ig tl. 
15 0. 
15 10. 
16 o. 


1710 


17 11.3 
19 


Ig tt. 
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TABLE OF OBSERVATIONS OF BRIGHTNESS 


Summer 


Time 


.30 


30 
3? 
3? 
10 


p-m. 


a.m. 
p.m. 


Mag- 
nitude 


2°2 
2°7 


35 

. 8 
38 


3.8 
3°6 


Comparisons with Other Stars 


Slightly inferior to Vega; but at much lower altitude. 

Less bright than Vega. 

Decidedly inferior to Vega ; equal to Altair. 

Slightly inferior to Altair. 

Not so bright as Altair. 

Nearly as bright as Altair; a little below ist mag. 

Much inferior to Altair. 

Much inferior te Altair; a good deal brighter than a 
Ophiuchi. 

Brighter than @ Ophiuchi. 

Decidedly brighter than a Ophiuchi. 

Slightly brighter than @ Ophiuchi; not so bright as 
Majoris. 

Slightly interior to Polaris; much inferior to a Urs 
Majoris. 

Inferior to @ Ophiuchi. 

Inferior to Polaris; about as bright as y Aquile or 
€ Cygni. 

Has declined very perceptibly. Inferior to y Aquila 
and a Hercules. 

Not as bright as 6 Aquile; inferior to 7 Serpentis 
and \ Aquilz ; brighter than @ Serpentis. 

Slight increase in brightness. Nearly or quite as 
bright as 9 Aquilz ; brighter than @ Serpentis. 

Brighter than 36 Aquile or 9 Serpentis. 

Much brighter than 9 Serpentis; inferior to y Aquilz; 
brighter than § Aquilz or 7 Serpentis ; inferior 
to Aquilz. 

About equal to Aquilz; not so bright as Serpentis. 
As brighi as § Aquilz ; brighter than @ Serpentis. 

Same as on previous night. 

Same as on two previous nights. 

Inferior to Aquilz or 7 Serpentis; equal to Aquilx. 

Inferior to § Aquilz or 4 Serpentis; about equal to 
Serpentis. 

Brighter than @ Serpentis; inferior to X Aquilx ; 
** seems to fluctuate.” 

About as bright as 6 Aquilz ; inferior to 7 Serpentis; 
brighter than @ Serpentis. 

Not so bright as 6 Aquile; about as bright as @ 
Serpentis. 

Inferior to § Aquilz or 9 Serpentis. 

Brightness has increased ; inferior to J Aquilz. 

Not so bright as d Aquile or 9 Serpentis; brighter 
than @ Serpentis. 


‘* Has not changed since last observation.’ 


Inferior to } Aquilz or 2 Serpentis; brighter than } 
Aquilz. 


\As bright as } Aquile or 7 Serpentis. ‘ Brighter 


than a week ago.” 


] 
|| 
a.m, 
p.m. 
I'l 
| 
a.m. 1°2 
pem. 
a.m. 1°7 j 
20 10, 30 
2410 30 3 
2851 
29 11.30 : 
3°2 
311.30 3 
35 
ot 1.30 v5 , 
$10 3°5 | 
9 0.30 3°6 ; 
IL 10 qt 
3°38 
1210 
18 10-30 
2110.30 
2710 
29 10 é 
9 
30)t0 
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TABLE OF OBSERVATIONS OF BRIGHTNESS—( Continued ) 


Date | Summer lag Comparisons with Other Stars 


Time nitude 
1918 
Aug. 2/11 p.m. 3°9 Eye estimate. 
31 Eye estimate. 
5 10.30 4°5 Eye estimate. 
4°5 Eye estimate. 
1011 4°3 Small hand telescope used. 
Ig tt Eye estimate. 
2411.30 5°7. Eye estimate. ‘Has greatly declined during ®the 
past five days.” 
2911 5°5 \Eye estimate. ‘*Seems brighter than on August 24, 
but the near stars affect these estimates.” 
3110.30 ‘Very little, if any, above 6th magnitude.” 
Sept. 310 60 ‘* Scarcely up to 6th mag.; helped by the near stars.” 
61 Eye estimate. 
Sait estimate. 
9 9.32 60 Eyeestimate. ‘* Barely of 6th magnitude.” 
1010 6°0 Very clear sky.” 
2011 6°5 Small hand telescope. 
2110 2}-inch telescope. 
25|10 6°5 (2}-inch telescope. ‘* May be fainter than 6°5.” 
30, 9.30 2}-inch telescope. 


From the latter date till October 25 the Nova seemed to 
remain about the 7th magnitude, with fluctuations however, 
sometimes being a little brighter, then declining again. Towards 
October 25 I thought it scarcely equal to 7°5. As it was then 
getting rather low down toward the west, observations have 
often been affected by light clouds, haze and other causes of 
obscurity. 


(2) COLOR CHANGES OBSERVED 

June ro. White with strong bluish tinge; the star appeared vividly 
bright and showed much scintillation. 

June 12. White with reddish tinge. e 

June 13. Same as last night; telescopic image has a red border. 

June 14. Same as last night. 

June 15. Same as last night; red border with flashes of green round 
telescopic image. 

June 17. Star is decidedly crimson ; which [I attribute to the vivid bright- 
ness of the Hq line. 


June 20. Vellowish-white, but the red border of the telescopic image is 
very pronounced. 


| 
is 
4 
tape 
q 
4 
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Sune 25. Crimson in telescope; red to unaided eye. The reddest star I 
have ever seen. 


June 26. Very red in telescope. 

June 29. Very red in telescope. 

July 2. Very red in telescope. 

July 5. Yellow, but decidedly red border to telescopic image. 
July 6. Ruddy. 

July S$. Very red. 

July rt Very red. 

July :2. Very red. 

July 18. Very red. 

July 29. Red, 

luly 30. Net so orange-red as of late. 

Aug. 7. Much less red; rmiddy is the best description. 


Aug. 19. Yellowish white with flashes of red. Color less apparent with 
highest powers which show it white with ruddy tinge. 


At 


Aug. 24. White with yellow tone; note says, ‘* Not red at al.” 


ig. 21. No longer red. 


Aug. 25. With highest powers, color, pink. 
I 


Aug. 31. Dull white with yellowish caste. ‘‘ Star is ne longer red not 
has it any tinge of blue in its color” 
Sept. 3. White with some tendency toward yellow. 


Sept. 10. Flushed white. 


From the above date the term “flushed white’’ (which I 
borrow from: Webb, and by which I mean white with a warm 
tinge), best expresses my opinion of the star’s color as i have seen 
it. Since its decline to the 6th magnitude, then to the 7th and 
lower, it has been more difficult to define its actual hue; however 
in using the term above employed I should add that the Nova has 
a tinge very different from a really white star, the contrast being 
quite striking in the case of two small companion stars in the 
same field, and it has seemed dull, devoid of the sparkling or 
flashing which even quite small stellar objects generally show 
when viewed telescopically. 

In connection with the spectroscopic observations of which 
I will give a résumé later, [ have thought it necessary to refer 
again to some of the more striking color-changes due I think to 
changes of temperature of density, and even of chemical character, 


occurring in the star itself, evidenced by alterations of color, and 


ef course, accompanied by more or iess change in the spectrum. 


| 
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(3) TELEscopic APPEARANCE OF THE STAR 

No one could be more fully conscious than I was myself of 
the extreme improbability that any appearance of an abnormal 
character such as I proposed to look for could possibly be seen 
by means of so small a telescope as mine. Supposing for a 
moment that the Nova, previously a single star, had through 
anv cause become associated with another stellar body in some 
sort of revolving system, (as would not improbably occur had 
there been an approach so near as to set up violent tidal action 
by which both stars would be greatly distorted or disrupted), 
their separation to a distance visible in one of the greatest tele- 
scopes existing would only take place after hundreds, perhaps 
thousands, of years. Or suppose again that the Nova, through 
some cause inexplicable now, were expanding into a nebula, 
(which beyond doubt is what is actually occurring), that nebula 
at its greatest extension would hardly show a sensible diameter 
in a great telescope till after the lapse of an extremely long 
period, if even then. Consequently, how vain, how absurd, 
must be the effort of the humble amateur to effect a successful 
research on any such lines with a refractor of aperture four 
inches! All the foregoing I well knew and fully admitted, yet 
in face of all I thought it incumbent on me /0 do what / could, 
perfectly satisfied to achieve only negative results, but not with- 
out hope that at a later epoch something of the nature I have 
indicated may be actually detected ; and should that occur, 
within the term of my conscious existence here or elsewhere, it 
would be a gratification to reflect that my expectation had at 
last been realized. 

After saying which, I will addy that on every possible 
occasion I have studied the telescopic appearance of the Nova 
with various powers, especially the highest with which my 
instrument is provided, but have entirely failed at any time, 
even when favored by the best atmospheric conditions, to per- 
ceive any appearance other than a sharp well-defined star disc, 


without any peculiarity or abnormal feature whatsoever, except- 


ing only the border of crimson color, previously referred to, and 
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the peculiar dulness and lack of lustre noticable when the object 
had greatly declined in brightness. Both these peculiarities are 
readily explicable by the preponderance, first of crimson hydro- 
gen light, and later of light due to nebulium or whatever sub- 
stance gives rise to strong bands in the green region of the 
spectrum. I just wish to say in passing that the very same 
appearances were noticed in the case of Nova Persei in 1901. 


(4) STARS IN THE FIELD WITH, OR NEAR TO, THE NOVA 


On the night of my first observation I saw in the field with 
the Nova two small stars.of about the 8th and 8% magnitude. 
Subsequent watching of these companions led me to form the 
opinion that the fainter of the two was slightly variable; how- 
ever I did not devote any time to investigating that point. They 
were distant from the Nova more than five minutes of arc and 
were beyond the field of view with my high-power oculars, from 
which circumstance I concluded I could not make very accurate 
measures of their distances from the primary large star. I there- 
fore felt attempts in that direction would only be lost labor. 
Accurate results from measurements of photographic plates of 
the Nova and its neighboring stars will doubtless be made known 
in due course, as will also heliometer measures, and it is further 
to be hoped that spectroscopic determination of a parallax may 
be found possible in the case of this very wonderful and interest- 
ing object. It will naturally be of more personal interest to me 
to learn the outcome of these refined researches than had I paid 
no attention to the stars surrounding the Nova. I should add 
here that the proximity of the small comi/es I mentioned, as well 
as that of several other and rather brighter stars in the vicinity, 
would tend to make one rather over-estimate the brightness of 
the Nova when observing with the unaided eve or with only 
slight optical power, the light of the Nova being reinforced by 
that of the near-lying stars unless sufficient magnifying powers 
were employed to separate them, and this tendency would 


increase as the light of the Nova declined. 


OR 
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(5) SpEcTROSCOPIC OBSERVATIONS 

Several astronomers who were fortunate in securing photo- 
graphic or visual observations of the spectrum of the Nova very 
soon aiter its appearance, agree in stating that during the earli- 
est stage its spectrum was like that of an ordinary star, that is, 
continuous except for dark lines and bands due to absorption. 
These observations are at once very interesting and very import- 
ant, and must have a prominent place when any hypothesis ts 
suggested to explain the phenomena displayed by this extra- 
ordinary object. They are of special interest to me because of 
their precise similarity to my own in the case of Nova Persei 
1901 which I was able to observe spectroscopically directly after 
its appearance on February 21 of that year. 

Owing to prevalence of cloud and rain at Toronto on the 
nights of June 8 and 9, I was prevented from making any spec- 
troscopic observation of Nova Aquile prior to June 10, at 10 p.m. 
summer time. Its spectrum then was not merely continuous, 
with numerous dark lines and several strong absorption bands, 
but in addition several bright lines and bands had become vis- 
ible. Three of these I was immediately able to identify as being 
coincident with the bright lines known as //a, 473, and H/y, in 
the emission spectrum of hydrogen. On first sight I thought 
/73; the most vivid, but //g, a sharply defined splendid crimson 
line, was of strikingly intense brilliance. /A7y though rather 
difficult to see with a small instrument, could also be perceived. 
But the band most prominent owing to its width and luminosity 
was located in the green not far from the position of ‘‘ little b”’ 
in the solar spectrum. A faint and very fine bright line near /) 
was noted, which I attributed to helium, though uncertain 
whether it might not be the familiar characteristic sodium double, 
undivided because of the small dispersion I was obliged to em- 
ploy, and the faintness of the line itself as viewed upon a con- 
tinuous background which just there was particularly bright. 
The same was true of the green region, owing to which cause I 


had difficulty in deciding whether one or two bright bands existed 


there. All the bright lines and bands seemed to be accompanied 


4 


4 
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by heavy dark absorption bands on the more refrangible edges ; 
and further, there were several strong dark lines in the red and 
orange, as well as finer dark lines in the green. Those in the 
red I noted as being particularly dense, while but few dark lines 
appeared in the blue and violet. These spectroscopic character- 
istics readily explain the bluish tinge of the star during its period 
of greatest brightness. 

On June 14, the bright lines of hydrogen were visible dis- 
tinctly and I could see that two bands existed in the green ; the 
helium (?) line in the yellow had become so faint as to be only 
visible by fits, though the absorption band near it was very 
strongly marked, in fact appearing much wider than D in the 
solar spectrum. Its position was approximately settled by com- 
parison with light from a flame colored with sodium salt. The 
luminosity of the more refrangible part of the spectrum was con- 
siderably diminished, though still faintly visible beyond //y. 

It may be of some interest to mention that on this date I was 
able to distinguish the chief bright bands and lines with a slit- 
less hand-spectroscope having an effective aperture of only one- 
half inch. 

On June 15 //a seemed to have become brighter, also the 
‘‘ first nebular’’ band in the green had increased in luminosity. 
Owing to its central position and its width, it was the most strik- 
ing feature of the visual spectrum. But A/a, vividly crimson, 
seemed to flicker and flash like a prominence line, and though 
its waverings may have been due to atmospheric tremors it is not 
impossible they may have originated in actual sudden changes in 
the star’s light radiation. Such conclusions, though not proven, 
were not unjustifiable, and made the red hydrogen line the most 
interesting and wonderful feature of the spectrum as then seen. 
On this night the Nova appeared white with a ruddy tinge, refer- 
able doubtless to the well marked decline of the blue and violet 
rays, leaving the red in preponderance. My observatory note 
says: ‘‘As a matter of fact a large part of the star’s light is 
derived from the bright lines in the green and red; these are 


extremely brilliant.’’ On this occasion I found the absorption 
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bands less easily visible owing to a general falling off in the 
continuous spectrum. However I noted that dark bands existed 
on both edges of //q. 

My observations on June 17 were practically similar to those 
on the 15th, but I noticed a fine and very faint bright line in the 
orange red between C and /). I believe a bright line in the 
emission spectrum of helium occurs close to that position. And 
further, the existence of fine dark lines in the region between D 
and 6 was not doubtful though I was unable to determine their 
positions with the means at my disposal. 

Observations made on several nights between June 18 and 
June 24 showed a steady decline of the continuous spectrum, 
particularly in the more refrangible region. Naturally a general 
decline of luminosity would be most evident in that portion visu- 
ally weakest. Unquestionably nearly all the star’s light was 
vielded by the emission bright bands and lines. Its color was 
yellowish white, the telescopic image showing the red margin to 
which reference has already been made. 

On June 24 the continuous spectrum had further declined, 
the bright emission spectrum relatively gaining prominence. 
The color of the star was then crimson-red. My note-book says, 
‘*Tt seems the reddest star I have ever seen.’’ A very dark 
band between the “‘ first nebular’’ band and /73 was noticed: I 
thought it might be due to the fading out of the continucus 
spectrum there. The whole of the more refrangible region had 
become very faint. 

On June 25 the existence of the bright helium (or sodium ) 
line was certain, though it could not easily be kept in view 
because of its extreme fineness. 

By June 28 the continuous spectrum between //g and the 
‘second nebular’’ band in the green had greatly declined, 
while between the ‘‘ first nebular’’ band and /73 a distinct dark 
band was very evident. A737 was broad and diffuse and scarcely 
any trace of luminosity existed in the space between it and //y, 


also very faint though broad. //q as usual was sharp and quite 


intense, the definite clearness of this line being in marked con- 
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trast with the broad rather ill-defined other representatives of the 
hydrogen series in the visual region. 

On June 29 and 30 no further changes in the spectrum were 
noticed. 

On July 5 I recorded a very dark band on the less refrang- 
ible edge of //a and a similar though narrower band on the more 
refrangible edge. Thus the red hydrogen line appeared super- 
posed on a very wide dark band, as is sometimes the case in the 
spectrum of a sun-spot ‘* bridge.’’ It was difficult to detect the 
dark lines known to exist between 47g and D. For the first time 
a bright vellow line appeared quite distinctly on the more refrang- 
ible edge of the broad absorption band I have styled D. Other- 
wise the spectrum had undergone no marked change. The 
color of the star had become yellow with flashes of red; this 
color change was doubtless due to the increased intensity of the 
bright lines in the yellow. 

On July 5 the yellow line had further increased in bright- 
ness, being actually as conspicuous as any of the other emission 
lines except A7qa. The yellow color of the star was more in 
evidence, but the telescopic image showed also red flashes. The 
continuous spectrum had further declined, in spite of which and 
the faintness of the star, (5°5 mag.) dark absorption lines were 
perceptible in the red, yellow and green, though naturally very 
hard to locate with any approach to precision; however the 
absorption band between the “first nebular’’ line and //7; was 
quite obvious. //y could be seen with relative ease in spite of 
the faintness of the star’s light. A fineand faint bright line was 
recorded on the red edge of the Y band. Thenceforward com- 
parisons with artificial spectra became impossible. 

On July 8 I considered the ‘‘ first nebular’? band the bright- 
est in the emission spectrum, for when passing clouds reduced 
the light this band continued visible after the others had dis- 
appeared. Both the bright lines near /) were quite distinct, the 
more refrangible member of the pair (specially noticed on July 
3 and 5) having considerably increased in luminosity. These 
two yellow lines seemed to flash out at intervals as previously 
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noted of the red hydrogen line, thus affording strong evidence 
of their intensity. 

On July 11 I recorded some remarkable changes. The de- 
cline of the continuous spectrum seemed to have been emphasized. 
//a had decreased in brightness, and the two yellow lines recently 
so strong had diminished almost to invisibility, being seen with 
difficulty by glimpses. The ‘‘ second nebular’’ band on the 
contrary had increased iu brightness, almost equalling the 
first ’’ band. 

Between July 11 and 19 the spectrum did not undergo any 
characteristic change, however it continued .o grow fainter as a 
whole, the general brightness diminishing, particularly in the 
more refrangible region. //, was always visible, sharply defined 
and clear, its crimson tinge very striking. On several nights the 
vellow helium line was detected and on some occasions the less 
refrangible line could be discerned. I have no doubt that these 
two lines fluctuated a good deal in their light emission. The 
region comprising the two ‘‘ nebular’’ bands and /7? was easily 
visible ; the dark bands or gaps between the components also 
seemed to haye become accentuated. Only a very faint continu- 
ous spectrum was perceptible between the red and green, and 
scarcely any luminosity in the blue region up to the position of 
Hy which showed as a faintly glowing bright patch rather than 
a definite band. 

On July 19, 20 and 21 I considered the Nova ‘‘ much redder 
than Antares.”’ 

On July 29 I again saw all the bright lines and bands inclu- 
sive of the two bright lines near ). Some continuous spectrum 
existed, most evident in the green. These observations were 
repeated on July 30, at which time I thought the continuous 
spectrum more in evidence. The light of the Nova had not 
apprectably diminished during several days. 

Subsequent spectroscopic observations may be summarized 
somewhat briefly. On all occasions when observation was pos- 
sible the bright bands and lines were seen, but gradually declin- 
ing in brightness as the light of the star diminished, consequently 
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the red hydrogen line, the helium line, and Wy became more and 
more difficult to keep in view. 

When writing this paper (on September 26) I stated as my 
belief that //g, D, and /7y would not remain visible much longer. 
At that time the Nova had declined to about mag. 6. When I 
last was able to observe it I estimated it as a little below mag. 7, 
noting that there had been fluctuations in its light during several 
previous nights. Since the middle of October I have not been 
able to see //q or /7/y, but contrary to expectation the helium 
line seems to have brightened and I believe its fluctuations 
correspond with those of the star’s brightness. A very faint 
continuous spectrum scems to exist still, probably due to 
density of the central region in the gaseous nebula into which 
the Nova is rapidly changing, as evidenced by its spectrum. 
The presence of the characteristic bright line of helium rather 
supports this belief, Y, having been discovered in the Orion 
nebula spectrum a number of years ago, and I think there are 
other instances. 

The appearance of Nova Aquilz occurring as it did at the 
season when Aquila rose early in the evening was a fortunate 
circumstance, enabling the new star to be observed practically 
all night long. The high altitude of the Nova was a further 
advantage. ‘To these favorable conditions I owe the possibility 
of making so many observations with my small instrumental 
means. 

Having seen, and somewhat carefully observed, no less than 
five nove, I not unnaturally have formed an opinion as to the 
cause of these remarkable phenomena, but must defer what I 


wish to say in that regard till a later occasion. 
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noted of the red hydrogen line, thus affording strong evidence 
of their intensity. 

On July 11 I recorded some remarkable changes. The de- 
cline of the continuous spectrum seemed to have been emphasized, 
‘7a had decreased in brightness, and the two yellow lines recently 
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yellow helium line was detected and on some occasions the less 
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two lines fluctuated a good deal in their light emission. The 
region comprising the two ‘‘ nebular’’ bands and 4/7? was easily 
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ous spectrum was perceptible between the red and green, and 
scarcely any luminosity in the blue region up to the position of 
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a definite band. 

On July 19, 20 and 21 I considered the Nova ‘‘ much redder 
than Antares.”’ 

On July 29 I again saw all the bright lines and bands inclu- 
sive of the two bright lines near ). Some continuous spectrum 
existed, most evident in the green. These observations were 
repeated on July 30, at which time I thought the continuous 
spectrum more in evidence. The light of the Nova had not 
apprectably diminished during several days. 

Subsequent spectroscopic observations may be summarized 
somewhat briefly. On all occasions when observation was pos- 


sible the bright bands and lines were seen, but gradually declin- 


ing in brightness as the light of the star diminished, consequently 
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the red hydrogen line, the helium line, and /7y became more and 
more difficult to keep in view. 

When writing this paper (on September 26) I stated as my 
belief that //g, D, and //y would not remain visible much longer. 
At that time the Nova had declined to about mag. 6. When I 
last was able to observe it I estimated it as a little below mag. 7, 


noting that there had been fluctuations in its light during several 


previous nights. Since the middle of October I have not been 

able to see 47g or A/y, but contrary to expectation the helium 

line seems to have brightened and I believe its fluctuations 

correspond with those of the star’s brightness. A very faint 

continuous spectrum scems to exist still, probably due to 
density of the central region in the gaseous nebula into which 
i the Nova is rapidly changing, as evidenced by its spectrum. 
The presence of the characteristic bright line of helium rather 
supports this belief, 2, having been discovered in the Orion 
nebula spectrum a number of years ago, and I think there are 
other instances. 


The appearance of Nova Aquilz occurring as it did at the 


season when Aquila rose early in the evening was a fortunate 


circumstance, enabling the new star to be observed practically 
all night long. The high altitude of the Nova was a further 
advantage. To these favorable conditious I owe the possibility 
of making so many observations with my small instrumental 
means. 

Having seen, and somewhat carefully observed, no less than 
five nove, I not unnaturally have formed an opinion as to the 


cause of these remarkable phenomena, but must defer what I 


wish to say in that regard till a later occasion. 


| | 
| 
a 


THE SPECTRUM OF NOVA AQUIL, NO. 3 


3y W. E. Harper. 


A PRELIMINARY account of the early spectrum of this new 
= star has been given in the July-August number of this 
JouRNAL. The purpose of the present article is to supplement 
the data there given with observations continued here with 
the single-prism spectrograph, whose dispersion at //) is 35°5 
angstroms per millimetre and which covers the region roughly 
43850 to 5030. 

From a star of approximately the 11th magnitude on June 5 
it rose to one of magnitude — 1°5 on June 9, thus increasing in 
brightness nearly 100,000-fold in four days. The increase 
may have been even still more rapid as there is no authentic 
record of it on the 6th. From its maximum brilliancy on 
the 9th it rapidly diminished in brightness until about the 29th 
of June when its magnitude was about 3°8. It then began to 
oscillate in brightness though gradually tending to become 
fainter. These variations will be better established when the 
definite light curve is issued by Harvard, but for the present 
approximate results which are the means of four observers. 
Messrs. Stewart, DeLury, Pearce and the writer, will be used. 
Minima occurred on June 29, July 11, July 22, August 3, August 
14 and August 23; while maxima fell around July 3, July 15, 
July 27, August 8, August 18 and August 27, the average period 
being 11 days and the range of variation about 0°6™. At the 
end of August the star was about of 4°5™ and through Septem- 
ber diminished with smaller oscillations to a little brighter than 
5'0™ which brightness it seems to have maintained since. The 
observations from September are less reliable than the others aS 


they depend in many cases on one observer alone. ‘They are 


shown differently on the accompanying sketch. 
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ESTIMATED MAGNITUDES OF NOVA AQUILAt NO.3 


In the case of Nova Persei (1901) the oscillations in bright- 
ness began about the same length of time after maximum 
brilliancy but their period was much shorter and the range much 
greater. The average range was about 1°5™ accomplished in a 
period of about 3 days and these oscillations continued for about 
100 davs. During June and the early part of July spectra of 
Nova Aquilz were made or every possible night ; plates being 
secured on 15 nights in June and on 22 in July, though on quite 
a number of these the exposures were made through floating 
clouds. Since then it has not been felt necessary to photograph 
so frequently as with the lesser variations in the brightness the 
spectrum has been more constant. 

The spectrum on June 9 was of a continuous nature with 
broad absorption lines due principally to hydrogen. The next 


ae 


night showed the characteristic ‘‘nova’’ type of spectrum the 
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broad emission bands appearing and being flanked on their violet 
edges by pairs of absorption lines. Numerous other absorption 
lines were shown, as may be seen from an accompanying table. 
This persisted for a couple of nights when the continuous spec- 
trum weakened and the fainter of the absorption lines were lost. 
With their disappearance the emission band at \4640 began to 
to make its appearance being fairly noticeable on the 14th and 
becoming equally prominent with the hydrogen emissions before 
the end of the month. The nebular emission V, (\5007) seems 
to show first about June 18. The other nebulium bands \4686, 
4365 and \4959 develop later in the order given, \4686 being 
seen at the minimum june 29, it and \4363 at minimum on July 
11, while \4959 developed a few days later, though remaining very 
weak till the end of July. Since then the light from the star has 
been almost wholly emissive in character, with the general ten- 
dency for the nebular and \4640 emissions to equal in intensity 
those of hydrogen. <A more detailed description is given later. 
In connection with the variations in brightness it may be 
pointed out here that every increase of brightness was accom- 
panied by a return of the continuous spectrum which in turn 
faded as the star diminished in brightness. This is similar to 
what occurred in the case of Nova Persei (1901) as pointed 


out by Professor Pickering when he stated that the spectrum 
at a maximum was ‘‘normal’’ while at a minimum it was 
peculiar.’’ 

Again the behavior of an absorption band at about A4060) 
was in some way associated with these light variations. The 
details are given in the following tables. 


The Spectrum of Nova Aquile No. 3 407 
Tue AbsORTION BAND At Ag060 
Maximum 
Date Kemarks 
Lower Upper — Intensities 
1gid 
June 17,4058 4070 
IS 4057 4008 
19, 4050 4068 
20,4058 4071 faint, diffuse 
234953 4066 very diffuse 
25,495! 4004 4055°1 4060°1 very definite centres 
26 4062 4075 
29 4004 4075 
July 2 4049 4064 4053 4060 definite limits, indefinite centres 
3 4954 4067 
4 405! uniform 
5 4954 4000 4057°4 4062°4 
6 4054 4006 red edge diffuse 
G 4040 4053 usual band absent, new one 
10 4002 4075 
IL 4046 4075 slight break between merged bands 
12 4065 4075 faint, diffuse ; band 4045 suspected 
13 4046 4054 faint dittuse band 
144949 4053 narrow defined band 
15 4050 4054 
17 4951°6 4058*2 intense lines, violet stronger 
18 4046 4049 not pronounced 
1g 4662 4070 centres possible at 4048, 4053 
20 4065 4074 not pronounced 
21 4068 4074 
25 40605 4073 very faint, suspect 4048 
26 4003 4077 very faint 
30 4064 4076 4045-4052 also, both ditluse 
31 4063 4074 4040-4052 also, both diffuse 
\ug 1 4063 4075 


Comparing the data with the light curve it would appear 
that the band seems to shift to the red at a minimum and in the 
Opposite direction during a maximum, that is that different 
absorption lines or series of lines are present in the two cases. 
The rule does not hold definitely but seems to fit the case most 
of the time. Thus during the two minima June 26 to 29 and 
July 10 to 12 the band is to be red from \4063 to \4075, while at 
the maximum July 2 to 6 it is at \4052 to \4065. July 9 seems 
to be a transition date with the former band absent and a new 


one at A4048 showing. Former nove have been characterized 


by somewhat similar behavior of this band and the combined data 
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should establish some definite connection between the quantity 
and quality of light. 

Measures have been made upon the plates to determine the 
displacements of the absorption lines so numerous just after 
maximum brilliancy on June 9. The hydrogen lines were recog- 
nized without difficulty and assuming that the other lines suffered 
similar displacements it was found that they could be ascribed to 
the enhanced lines of certain metals, particularly those of iron 
and titanium, as has already been pointed out by Adams and 
others. In the preliminary article the pair at \5016 and 4922 
were erroneously ascribed to helium but when the definite 
measures came to be made it was found that the resulting dis- 
placements were discordant. From the residuals the correct 
normal values are as given in the following table, they being 
enhanced lines of iron. There may be a few wrong identifica- 
tions in the list as given as in some cases close pairs might over- 
lap on our plates. The line \4313 may thns be blended with 
another enhanced titanium line at 44315 and the combined wave- 
length should be used but in any case the resulting displacement 
will not be materially affected. The table following is for the 
plates of one night only, June 10, given in detail to show just 
what agreement existed among the displacements for the various 
lines. The expedient of quoting them as velocities is used 
though it is not implied that these displacements are necessarily 
due to velocities of outrushing gases, much less to the velocity of 
the star itself. A summary follows for the other dates. The 
velocities obtained for the sharp calcium lines, 7 and A’, show 
that within the limits of error they are constant and have a mean 
value of — 199 km. + O'7 km. per sec. This may be looked 
upon as the velocity of the nova relative to the sun. 
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LINE DisPLACEMENTS ON JUNE IOTH, 1915 
85540 8555 $556¢ 
. Element vel. | wi. | Vel. | Wt. | Vel. | We. | Vel. | Wt. 
| | | 
5018629 Fe 1432} |-1439 4 4. |- 1436 3 
4924115 Fe 1422) 1 1449, } 1399) | 1433, 3 
4824°33 Fe-Cr 1440 | 1466 4} 1439 1439 } 
4584°018 Fe 1424, } 1451 4 1482 
4572°156 | Ti 1433, | 1440 1449 1450 
4563°939 | Ti | s454) ¢ | 1460 | 1436 4 
4549°706 Fe-Ti 14265 & | 1434 1414 | 1430, } 
4534°139 Ti 1449 $ | 135! 142! 1363) 
4522°871 Fe 1481; | 2479 1466 | 
4515°508 Fe | 1502 
4508°455 Ke 1440 } 1415 
45017445 Ti 14200} 1456 1459) } 
4451° 300 Mg 1450 f | 1433 1438, 4 1418 3 
4443°976 Ti 1467; 4 | 1445 1457| . 4 1458 4 
4417°38 Ti 1502} } | 1480 
4404°927 Ke 1479 | 
4399'94 Ti-Cr 1446 } | 4 1455) 
4395286 Ti 1483 } | 1466} 
4352°000 ke-Mg 1430) + | 
4320°992 Ti 1478, | 1417) 1487) 1475, 4 
4313°034 Ti 1344 1334 | 387, 1389 | 
4308 O81 Fe 1452, | 
4300°211 Ti 1403} | 1405 43 1387; } 390, 3 
4294-30! Ti 1433, j 
4289915 -Ti 1459, } 
4$246°995 Sc 1456 3 1469 3 14638 3 1471; } 
4233°328 Fe 1451) 3 1454 1458 1466 } 
4226°40 Ca, Ce, 1441 4 1429 1430, 4 1459) } 
4215668 Sr 1483} | 14771 4 | 1482) 
4165380 Ti 1487, } 1483, 1476) } 1476) 4 
4077885 -Sr 1490, } 1496} t481 1476, | 
4071°901 Fe 1461) } 1459 4} 
4063°756 Fe 1486) 
4945°975 re 1484} 1497, 
3933°825 Ca 1408} } 1444) | 1473 
4861°527 1374, 3 | 1375) 3 1374 4 1373 3 
4340°634 1350, 3 | 1353) | 1345, 2385) 
4101°S$go 3363) 43 1372} 13738: 3 1396} 
3970°177 1346, 1425) 1432, 4 1379 
388g H - 1308) 4 | 1320) 1384, 
Means - 143072 ~ 1433°5 ~ 1437°0 1436°7 
Reduction to Sun + 10°73 + 10°3 + 1073 + 10°73 
Displacement 1425°9 1423°5 1420°5 ~ 142674 


Thus, taking the mean of the four we have a line displace- 
ment to the violet on June 10th correspondiag to a velocity of 
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1425°6 km. This represents a displacement at /7; of 23°1 ang- 
stroms, at //, of 20°6 angstroms, at //é of 19°5 angstroms and 
at Ai: of 18°9 angstroms. I have purposely separated the five 
hydrogen lines, placing them at the end of the above table, as 
their displacements seem to be less than those of the metallic 
lines. The displacements, relative to the sun, of the metallic 
lines alone, are respectively 1440, 1436, 1440 and 1437 km. 
while corresponding figures for the hydrogen lines are 1343, 
1358, 1564 and 1370 km., an average difference of 79 km. or 
more than one angstrom unit. Even allowing for the uncertainty 
of setting on these broad lines the discrepancy seems to be real 
and must have some physical interpretation. 

Besides the 41 lines in the above table there were others 
measured with similar displacements, but being of poor quality 
they were not included. With identifications given where pos- 
sible they are as follows: 


X Element Element 
§052°2 4154°2 
4588°38 Cr 4053798 } Ti-Fe 
4468°663 Ti 4025°29 Ti 
4374°98 Ti 4004°6 
4221°9 3913761 | Ti 
4179°03 Fe 3910°4 
4173°27 Ti-Fe 


The foregoing measurements relate to the set of lines which 
suffered the least displacement. But as already stated there were 
in general two sets of lines for those lines appearing on the plates 
of the preceding evening. The displacements of the other mem- 
bers of the pair are as given in the following table. 


The mean of these four displacements, -— 2205°6, corres- 
ponds to a shift to the violet at 7; of 35°8 angstroms, at //; of 
31°) angstroms, at //é of 50°2 angstroms and at //< of 29.2 


angstroms. 
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3555 $556a 
Vel. | Wt. Vel. | Wt. Vel. We. | Vel. 
5018'629 Fe - 2226) } |-2191) 4 |-2235| } |-2255) 3 
4924°115 Fe 2213} 4 | 2183, 3 | 2162) 
4861°527 Hg 2206 } | 2240; 4 | 2223} 4 | 2240) 
4481°400 Mg 2253} 4 | 2244, 4 | 2265) }$ | 2190) 
4340°634 2225, 4 2188} | 2206 2146 
4101°8go Ho 2210, 4 | 2214) 4} | - 2225 2210) 
3970°177 He 2211; 3 -2221, 4 2213} 
3933°825 Ca 2222 | | | ~ 2206} 
Means 2218-2 |- 2212°6 ~ 2224°2 |- 2208°4 
Reduction to Sun |+ 10°3 + 103 + 103 + 103 
Displacement ~ 2207°9 | 2202°3 ~ 2213°9 - 2198'I 


SUMMARY OF ABSORPTION LINE DISPLACEMENTS 


Series I | Series 2 Calcium H& K 

Velocity n Velocity ‘Velocity | We. 

| 
8543 June 9.668 | - 1266 8 | | -23'2 | 14 
8545 9° 681 1267 6 | | 
$546 9°683 1239 6 264 | 
$549 9°722 1288 6 | 14°8 i 
8550 9.815 1237. 4 
3551 9°832 1240 8 | 
855: 9°836 1239 7 | 218 I 
8554 10°674 1426 39. «| 2208 ba) 12°1 2} 
$555 10°681 1424 30 2202 7 23°9 14 
$550 10°69! 1427 2 | 2214 6 1 
8556 10°700 1426 28 2198 8 17°2 i} 
8559 13°723 1588 12 2308 4 1373 i 
8561 13°756 15838 15 2360 3 21°7 2 
857 14°71 1663 7 2368 4 23°3 1} 
8568 1682 8 2281 4 I 
8575 | 17°666 | 1735 5 | 55 
8585 18 810 1728 4 | 1575 
8588 19°734 1746 . 4 22°7 if 
8589 20°595 1739 2 | 
8590 20642 1739 | 
8596 25°734 1760 4 | 19°2 
8603 July 27661 1671 3 24°2 13 
3605 3°670 1667 3 
9607 4°618 1679 3 
$609 5°694 1667 3 
S612 9°710 1682 I 
8618 13°723 1688 2 
8619 14°645 1693 2 
8620 15°652 1687 2 
$621 17°630 1695 2 
$623 18°597 1688 1 
$624 18°644 - 1705 I 
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SpecTRUM OF Nova AguiILa& No. 3 


Photographed at the Dominion Astronomical Observatory, Ottawa. by W. E. Harper 
Enlarged 3 times in length and 28 times in width. 


Journal of the Royal Astronomical Society of Canada, 1918 


6 = ~ © ; 
| 
| 
He 
4 
vd j 


per 


The Spectrum of Nova Aquile No. 3 503 


some cases weight may be given to the interpretation of the. absorption 
lines as being simply spaces between the emission bands, but it seems to me 
in the case of Nova Aquilae No. 3, on this date we have genuine absorp- 
tion taking place. The appearance on this date is that of a strong con- 
tinuous spectrum crossed by a great many absorption bands and in addi- 
tion having broad emission bands of hydrogen and possibly a few other 
substances. These absorption bands have been identified as due to hydro- 
gen, magnesium, calcium and enhanced lines of iron, titanium and other 
substances, as indicated in one of the accompanying tables. Pairs of ab- 
sorption lines, as mentioned just now, occur at the violet edges of the 
hydrogen emission, and also for wave lengths, A\5018, 4924, and 4481, the 
least refrangible of the pair—the one corresponding to that of the previous 
evening—being always the more intense of the two. Measurements upon 
the most suitable 30 or 40 out of the total 70 odd that can be counted be- 
tween 3889 and A5018 show a displacement from their normal positions 
equivalent to a velocity of approach of 1426 km. per second. The corres- 
ponding displacement for the other members of the pair, about 8 or 9 in 
number, is for this night 2206 km. per second, as shown in the summary of 
measures. 


June 13th.—The emission bands have become strengthened relative to 
the continuous spectrum. The numerous absorption lines seen on the 10th 
are missing; only those visible on the 9th remaining. All lines have shifted 
more to the violet, the displacements being represented by velocities of 
—1588 and —2360 km., respectively. The emission bands are not uniformly 
intense throughout their breadth, but appear as if annulled in several 
places by absorption lines. The more refrangible of the lines at A5018 and 
4924 and apparently )4481 also are missing, while the corresponding 
one for H has become broadened and much intensified, with a correspond- 
ing decrease in intensity in the other member of the pair. The other hydro- 
gen lines show a tendency to shift the intensity from the red to the violet 
member of the pair, though the effect is not so marked as in H3. 


June 14th—The phenomena of the previous evening of the emission 
being “eaten out” in places by absorption is accentuated on plates of this 
date. There results the appearance of three distinct divisions to each of 
the hydrogen bands, the main one being some 10 or 15 angstroms wide at 
about the normal position of the line, the others less than half as broad. 
and centred roughly some 1200 or 1300 km., respectively, to the red and 
violet of the normal positions. Numerous other emission bands are with- 
out doubt present, there being a pair around \4625 and A4640, while from 
4584 to A4501 there are several emission bands. Fewer definite absorp- 
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tion lines are seen than on the previous evening and their displacements 
correspond to a negative velocity of 1663 km., while the second member of 
the hydrogen pair is about 2368 negative. 


June 15th.—The emission and continuous spectrum is quite similar to 
that of the preceding evening, while the absorption lines have become fewer 
in number, being confined principally to the pairs of hydrogen lines; the 
enhanced lines, AA5018, 4924, 4584, 4233 and calcium K. 

June 17th—There is considerable of a change on this date. The emis- 
sion bands of hydrogen are much more uniform in intensity throughout 
their width. The change seems to have been gradual, as those of the 15th 
are slightly more uniform than those of the 14th. H,3 extends from \4833 
to \4889; Hy from A4317 to 4364; Hd from 4079 to 44122; He from 
43948 to 3990, so that the centres of the emission bands are in the nor- 
inal positions of the lines and their width varies approximately with the 
wave length. The emission is sharply terminated at the violet edge by the 
absorption line. The main difference to the preceding plates is the absence 
of the more refrangible of the pair of absorption lines which terminated 
the hydrogen emission bands on the violet and which first appeared on the 
night of the 10th. Further, a new absorption band is beginning to show 
itself about 4060, with a tendency to have centres of intensity at \4056./ 
and A4065.7. lf these have suffered displacement like the other absorp- 
tion lines their normal values would be about 4081 and 4090. 

June 18th.—Quite similar to the 17th. When the characteristic pairs of 
absorption lines occurred on the 10th there was slight absorption to the 
violet of the pair at A5018 which was not present on the preceding night. 
This has been steadily increasing in intensity and, being some 50 angstroms 
wide, is quite a noticeable feature of the spectrum at this phase. Its centre 
is at 44959.5, the position of N>. 

June 19th—A pair of absorption lines to the violet of the 4640 band 
with centres at \4607 and \4595 are more definite, otherwise little change 
irom the preceding night. 

June 20th—A further strengthening of intensity in the pair of absorp- 
tion lines A4607 and A4595 and a decrease of the continuous spectrum rela- 
tive to the emission are shown. The emission band at A4640, which could 
be detected as a strengthening of the continuous spectrum on the 13th, has 
gradually become stronger until now it is quite marked. 

June 23rd.—The broad emission bands of hydrogen with an absorption 
line to the violet of each and with the additional very broad but not so 


intense emission at A4640 without absorption to the violet is what we find 


in spectra of this date. The continuous spectrum is weak. H 3 has ab- 


4 
| 
| 
x | 
j 
4 


The Spectrum of Nova Aquila No. 3 505 


sorption at the red edge of its emission. The appearance is as if emission 
was centrally superposed on a somewhat broader absorption. The band 
near )4060 which appeared on the 17th, though suspected on the 15th, is 
apparently some 4 or 5 angstroms more to the violet without any definite 
centres of intensity. 


June 25th—Somewhat similar to the 23rd, though the continuous spec- 
trum is more intense and the 4640 emission relatively much fainter than on 


that date. Rough estimates of the relative intensities of the continuous 4 
spectrum to Hj, Hy) and Hf are as 1 to 5 to 10 to 25. Quite definite cen- 
tres of intensity appear at A4055 and A4060. 
June 26th—The continuous spectrum is weak and the absorption lines 
which terminated the violet edges of emissions are now lost. The emission F 
bands at 4640 and those due to hydrogen have the appearance of beirg 
double owing to their centres being “eaten out” by absorption whose widti 
7s about one-half their own. Additional emission bands 5 or 10 angstroms 
wide are seen at \A4584, 4530, 4490, 4450, 4434, 4395, 4302 and 4252. Absorp- 
tion extends from A4062 to 4075 without any particular centre of inten- 
| sity. 
June 28th.—The plate is too weak for definite study, but the emission 
bands appear to be the same as on the 26th. The centres of intensity for 
the \4640 emission are at \4618 and A4658. 


June 29th.—Again the appearance of centrally superposed absorption 
bands on broader emission. Faint emission extends approximately from 
45930 to A4980, with absorption cutting out the centre, leaving strips of 
emission about 8 or 10 angstroms wide whose centres are at A5024 and 
44984. Strong Hs emission extends from A4888 to 4834, eaten out by 
centrally placed absorption about half the width of emission. The red 
portion of the emission is the more intense. Faint emission extends from 
4710 to 4666, then emission as strong as Hy from there to \4614, whose 
central portion suffers partial absorption, leaving strong centres of emis- 
sion at A4658 and 4622. Similar emission strips are seen in the region 
A4584 to 24382, as on the 26th. Hy emission extends from ) 4364 to 
44316, with central absorption, the red portion of the remaining emission 
centred at 4359 being more intense than the corresponding violet portion, 
just as was the case with Hy. Hy, extends from 14124 to A4075, with 
absorption and other features similar to H,3 and Hy. He is much fainter, 
but seems similar to others. In general the emission bands are 50 ang- 
stroms wide and decrease in intensity with decreasing wave length. 

July 2nd.—The continuous spectrum has again become strong and with 


its increased intensity the absorption line which formerly terminated the 
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violet edges of the hydrogen emissions again reappears, this time as a close 
double in HY, Hd and He. The emission band at \4640 has its intensity 
relative to the hydrogen bands diminished to a considerable degree, the 
appearance being more of a strengthening of the continuous spectrum in 
that region. Rather indefinite centres of intensity are seen at 4053 and 
\ 1000 for that particular absorption band. The star has, of course, bright- 
ened up since the last observation. 


July 3rd—tThe absorption pair terminating Hy, H3 and He is more 
pronounced than on the preceding evening. Expressed in velocities, they 
are —1667 km., and —1802 km. 

July 4th—lIn general similar to preceding. 


July 5th-—The more refrangible of the pair of absorption lines seen on 


the 2nd, 3rd and 4th is now missing. The A4060 band has atendency to 


show centres of intensity at A4057 and A 4062. 


July Gih.—Emission becoming the predominent feature, that at 5007 
regaining in intensity relatively to the others. The only absorption line 
seen bordering the hydrogen emissions is that at Hd, Absorption occurs ai 
\A 4573, 4555, 4500, 4445, and a narrow pair at 4422, 4421, and faint absorp 
tion at Ad109. There is also a pronounced absorption line near 4096, Its 
position is identical with those measured as hydrogen lines from July 19th 


to November 10th. This seems to be a transition date. 


July 10th, 11th, 12th.—Emission similar to the 9th. Aj and \ 4096 ab 
sorption absent. The spectra of these dates is somewhat similar to that of 
June 29th, when the star was about of the same magnitude. In the interval 
it increased in brightness probably 0.7 magnitude and has diminished again 
by the same amount. There are some differences, and a fuller description 
is in order. There are six prominent emission bands, H3, Hy, Ho and 
A4640, and of lesser intensity A5007 and He. These have the appearanc: 
of being superposed on absorption bands greater in width by 20 to 40 ang- 
stroms. Emission extends from 4671 to 4606 and shows a tendency 
to resolve into two parts. Moreover, while it fades off gradually into the 
continuous spectrum at its violet edge it would apparently continue som« 
40 angstroms further to the red were it not for absorption which cuts into 
it, leaving two disjointed strips of emission. Similar faint emissions are 
seen at AA4584, 4549, 4529, 4491 and a strip from \ 4466 te \4445 terminated 
by an absorption band or series of absorption lines. The extreme limits of 
ff) and the nebular \4363 emissions are from \4316 to ) 4385 and are 


tairly well defined. The strong portion is from \4335 to \43¢ 3, but this 


itself is eaten into centrally by absorption lines. Hd and He have the usuai 
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limits. Thus the emission bands of hydrogen, their widths 40 to 50 ang- 
stroms and roughly proportional to their wave lengths, continue to be near 


the normal positions of the lines. 


July 13th, 14th, 15th.—Differs from preceding in that sharp Hy and H 5 


absorption lines are seen to the violet of the emissions. 


July 17th—Continuous spectrum stronger. A decided pair of absorp- 
tion lines at \4051.6 and ) 4058.2. Broad absorption lines have appeared 
gradually of late at \4572 and 4554. The star for the last few evenings 
has been 2 or 3 tenths of a magnitude brighter than it was one week ago. 

July 18th.—The line 44051 of the preceding night is faint, while A 4058 
is missing entirely. If Hy absorption is present it is very faint and diffuse. 

July 19th—Continuous spectrum decidedly weaker. There are indica- 
tions of the \ 4051 and A 4058, but none of the \ 4554 and (4572 though 
the continuous spectrum is of sufficient intensity to reveal them. The ab- 


sorption lines to the violet of the hydrogen emissions are missing entirely. 


July 20th—There is stronger absorption from \ 4575 to A 4549 and 
emission at \4584 and ) 4528, which does not show on the plate of the 
preceding night. 


July 21st-——Continuous spectrum weakened and emission less uniform 
as absorption has eaten into their centres. The spectrum of this date is a 
replica of June 26th, with the addition of the nebular emission \ 4363, which 
joins on to Hy and extends to \ 4385. 


July 24th, 25th, 26th—The main emission at His some 50 angstroms 
wide “eaten out” centrally by absorption. Emission reversal 10 angstroms 
wide is centred at the normal position of the line. All emission is more 
uniform, otherwise general features as on the 21st. 

July 30th and 31st—-The nebular emissions at ) 5007, \ 4363, are about 
equally bright with Hy and only slightly less so than H,3. Emission is even 


more uniform than immediately preceding dates. 

August 1st—lIdentical with spectrum of July 21st. Approaching mini- 
mum in both cases. 

August 23rd, 24th, 25th, 26th, 27th, 29th. 

September 7th, 21st, 22nd, 30th. 

October 3rd, Sth, 21st. 

November 2nd, 10th—The plates of these dates are quite similar in 


general and consist principally of emission bands as given in the following 


table. Since about the 21st of July the continuous spectrum has pretty well 
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vanished and what changes have taken place are details within the emis- 
sion. The nebular emissions, V', (5007) and N; ( A4959) have on the 
whole strengthened during the interval. The tendency has been for the 


absorption within the emissions to show itself more as definite lines. 


SUMMARY — EMISSION SPECTRUM —JULY 19 TO NOVEMBER 10 


Ked Edge Violet Edge Centre 
Faint emission §033'7 50140 
Strong emission NV, 50140 5000°4 5007°2 
Faint emission 5000°4 4977°7 
Faint emission 4966°0 4952°5 4959°2 
H3 emission 4887°6 4833°4 4860-5 + 0°03 
Faint emission 4710°9 4679 
Strong emission 4068°S 4640°6 
Faint emission ) A4363 4387°2 4308 
Strong emission and 4363°3 43360°7 
Faint emission Hy 4330°7 4315'S 
lid emission 4123°2 4975°5 4099'S 


The foregoing limits were computed from measures made 
upon the plates, using the Hartmann interpolation formula. 
Naturally more or less error exists in the measures as some of 
the edges are not well defined. //7; while fairly definite at the 
red edge, is not so at the violet and towards the close of the inter- 
val stated the entire emission there becomes quite weak. //) can- 
not be dissociated from the nebular \4363 emission. At times 
an increased intensity is shown at A4370 to \4358 as if due to 
overlapping. A similar case exists with the A4640 band though 
on July 21st and August Ist the two emissions are definitely 
separated with centres at \4612 and \4659. The W,, NV. and AH: 
emissions are fairly well defined. With //7; the greatest range 
in the measures for either limit is 1°8 angstroms with a probable 
error for the mean of 28 plates of less than 0°1 angstrom and it 
would seem that the displacement to the violet of 1 angstrom 
cannot wholly be accounted for by error of measurement. It 
should be stated that its centre for the period prior to July 18 
was ()'4 angstroms to the violet but the limits were not nearly so 


definitely determined. Correction of course has been made for 
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the 20 km. velocity of approach. //; is in the same direction 2 
angstroms but its centre likewise cannot be definitely established. 

Besides the absorption lines, hereafter spoken of as the 
hydrogen lines from the fact that their displacements from their 
normal positions are proportional to their wave length, the follow- 
ing are measured on the majority of the plates in this interval. 
A band 12 angstroms wide centred at \4971°8 is also a feature 
which intensifies as time proceeds. 


ABSORPTION LINES 


5017°0 433374 4127°2 
4951°6 43720 41251 
49335 4357°2 4120°0 
4612°3 4337°5 4115 8 


Absorption lines were always present some 6 or 7 angstroms 
to the violet of 473, A7y and /7j during the interval quoted and 
became increasingly better defined as time proceeded. On the 
assumption that they are due to hydrogen their displacements— 
using the velocity idea—are as given in the following table. 
The agreement among themselves was all that could be desired. 


DIsPLACEMENTS HypROGEN ABSORTION LINES 


Date Velocity | Weight Date | Velocity Weight 
1918 1918 
July 19 455 } Aug. 26 - 443 1} 
20 453 i 27 444 i) 
21 448 i 29 45! 1} 
2 450 5 Sept. 7 442 1} 
25 456 I 21 402 4 
26 443 I 22 447 1} 
30 439 1} 30 446 I 
3! 445 Oct. 3 440 
Aug. I 442 I 8 449 1} 
23 443 24 447 
24 434 1} Nov. 2 444 { 
25 - 449 1} 10 - 444 18 


The mean is -—446°0 corresponding to a displacement at 
/Ty of 6°5 angstroms with corresponding values for and 
The spectra shown are from the original negatives enlarged 
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three times in length and twenty-eight times in width. They 
show the most characterisiic types. The first two illustrate the 
rapid change that took place in the sixteen hours or so between 
observations late on the 9th and early on the 10th and which 
makes one sceptical of a stellar classification in which we are led 
to think of millions of years being required for a star to pass 
from one type to another. 

To discuss the causes underlying the origin of new stars and 
the various theories that have been put forward from time to 
time to explain them would be out of place in an‘article already 
too lengthy. It is hoped that some of the data here given will 
be of service to others so that by comparison and discussions of 
results our knowledge of ‘‘ new stars’’ may be much increased. 


DOMINION ASTRONOMICAL OBSERVATORY, 
OTTAWA, CANADA, 
November 11th, 1918 
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MEETINGS OF THE SOCIETY 


At Toronto. 


November 12, 1918,—The Regular.Meeting was held in the 
Society's Rooms, 198 College Street, at 8 p.m., the President, 
Mr. A. F. Miller, in the chair. 

On motion by Dr. Otto Klotz, Ottawa, seconded by Prof. 
C. A. Chant, it was resolved by the Society that it is desirable that 
the astronomical reckoning of time be made to coincide with civil 
reckoning. The motion was carried and was referred to the 
Council for further consideration and action. 

Dr. Otto Klotz, Chief Astronomer and Director, gave the 
address of the evening on “The Work of the Dominion Astrono- 
mical Observatory, Ottawa, the National Observatory of Canada” 
Alluding to the recent armistice in the greac war, he spoke of the 
pleasure it gave him to address the Society on the first evening of 
anew era. At the Dominion Observatory, which was erected at 
a cost of about $280,000, the main chronograph in use records, 
and automatically prints, astronomical signals to the one-hun 
dredth part of a second. There are about 400 clocks in the Gov- 
ermment buildings regulated from the Observatory, by electric 
circuits. 

He illustrated his remarks by numerous lantern illustrations. 
and included some views of the equatorial and meridian telescopes. 
which he described in detail. 


In connection with Nova Aquilae. No. 3, he exhibited its 


spectrum on June 9, June 10 and July 30, respectively. The spec- 
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trum of June 9th resembled that of our sun, without absorption 
bands, but having numerous absorption lines, while in those of 
the later dates the absorption bands grew rapidly in number. 

The coelostat and other apparatus for solar observations and 
the erection for housing it, next occupied his attentfon. This 
branch is in the care of Dr. R. E. DeLury. 

The wireless outfit which they have at present is only for 
receiving signals; they use this receiver for longitude work. An 
observer at some distant point in Canada with a portable receiver 
and a good chronometer, records the time exactly when he receives 
the time signals at 12 noon, or 10 p.m. from Arlington, Va., and 
these time signals, being also noticed at Ottawa, the difference in 
time between the two records shows the longitude of the position 
of the observer out in the wilds. 

The magnetic elements are also studied closely. In Canada. 
from side to side, the magnetic declination has a difference of as 
much as 60 degrees. Some beautiful photos of magnetic lines of 
force were shown, magnetic sand being used to produce them. 

Seismograph work was the next item discussed. John Milne, 
of the Isle of Wight, was the great exponent of research in seis 
mology, and while in Japan he made an extensive study of earth 
quakes. The lecturer illustrated the horizontal and vertical seis- 
mographs in use, and also discussed the comparative methods of 
air damping and magnetic damping in the records of earthquakes. 
By means of the seismograph, a storm on the Atlantic is recorded 
at Ottawa by the beating of the waves on the ocean’s shore. This 
work is facilitated by means of the curve analyzer devised by 
Prof. Miller at Cleveland, O., which analyzes a curve into 30 com- 
ponent simple curves. This curve machine detected the tenth part 
of a second, which was a factor in the period of the pendulum in 
use, and its effect upon the record was clearly shown in the result- 
ing curve by the harmonic analyzer. There are tides in the earth 
as well as in the sea. the earth’s surface rising and falling about a 


foot from the influence of the moon. An instrument for the pur- 


pose records these earth movements. The physical tides of the 
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earth have been accurately determined by Prof. Michelson at the 
Yerkes Observatory. 

The photographs of lightning taken by Mr. Steadworthy also 
had much interest, one of the most interesting being a lightning 
flash within ten feet of an observer last summer, recorded by the 
camera. 

After the thanks of the meeting had been conveyed to Dr. 
Kiotz, the meeting adjourned. 

A. HUNTER, 
Recorder. 
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PLATE XXI. 


ROBERT GRANT AITKEN 


Standing beside the Micrometer on the 36-inch Telescope, Lick Observatory. 


Photograph by C. A. C., 1907. 


Journal of the Royal Astronomical Society of Canada, 1918 
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Herschel’s true successor was F. G. W. Struve, first at Dorpat, 
Russia, and later at the new Imperial Observatory at Pulkowa. 
where he was assisted by his son Otto. Other notable discoverers 
in this first period were W. R. Dawes and W. H. Smyth in Eng- 
land, and Ercole Dembowski in Italy. 

The modern period of double star discovery may be said to 
have opened in 1873, when S. W. Burnham published his first 
catalogue. Burnham was a court stenographer and had a 6-inch 
Clark telescope at his home in Chicago. This modest instrument 
soon became famous. Except for two short periods, spent at the 
Washburn and Lick Observatories, he continued his work in the 
U.S. District Court at Chicago until 1912. In all he has discov- 
ered 1,340 new pairs, and his “General Catalogue.” published in 
1406, is simply indispensable. It contains 13,6605 double stars, 
within 121° of the north pole. Many double star observers of this 
generation have been indebted to Burnham for helpful advice 
generously given. 

The names of a few of those who have made many discoveries 
may be mentioned: G. W. Hough, 648; T. J. J. See (assisted by 
\W. A. Cogshall and S. L. Boothroyd), 500; T. H. E. Espin, 1,350; 
RK. Jonckheere, 1,319; R. T. A. Innes (South Africa), over 1,000. 
Aitken began his work at the Lick Observatory in 1895. lor 
some time he collaborated with W. J. Hussey, and between them 
they have discovered 4,300 new pairs. of which 1,329 are to be 
credited to Hussey. Many other matters are treated in these two 
chapters, including the discovery of spectroscopic binaries, but 
they cannot be referred to here. 

Chapter 3 discusses the methods of observing visual binary 
stars. The way to use the micrometer is given in detail, and the 
entire process of making the measurements is fully described. 
An interesting discussion of the resolving power of a telescope 
is given. If the components of the double are very unequal in 
brightness, the distance between them for successful measurement 
must be about eight times that between a pair of equaily bright 
stars. Then foliows full information regarding eyepieces, dia- 


phragms, errors of observation and measurements by means of 
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photography. By the latter method good measures of pairs as 
close as 1” have been made, but it is yet far from superseding 
observations with the naked eye. 

In chapter 4, the method of obtaining the orbit of a visual 
binary from micrometric measures of distance and position angle 
is discussed at length. Beginning with the first solution by Savary 
in 1827, the various methods which have been developed are ex- 
plained. As an example, the orbit is found for the pair “A&&,” 
discovered by the author at the Lick Observatory in 1900. In this 
double the maximum separation of the comporents is 0.17” and 
the magnitudes are 6.9, 7.1; and yet the orbit comes out clear and 
unmistakable. This well illustrates the present-day accuracy ot 
double star measurements. 

Chapter 5, which was written by Dr. J. H. Moore, is devoted 
to an explanation of the method of determining the radial velocity 
of a star. The construction of the spectroscope. the classification 
of stellar spectra, the relative values of refractors and reflectors 
for spectroscopic work, and the measurement and reduction of 
spectrograms, are treated with clearness and fullness. 

In the following chapter the various methods of determining 
the orbit of a spectroscopic binay are given in considerable detail, 
and application is made to Kappa Velorum; and in chapter 7 
eclipsing binary stars are discussed. In addition to references to 
the work of E. C. Pickering and others, the noteworthy contribu- 
tions to the subject by Russell and Shapley are explained at some 
length. 

In the next chapter is found some relations and conclusions 
deduced from a survey of the orbits of 112 visual and 137 spectro- 
scopic binary star systems computed by various astronomers. 
Attention is drawn to the fact that the periods of visual binaries 
are long, those of spectroscopic binaries short; the eccentricities 
of the former are large, those of the latter small. It is also estab- 
lished beyond question that in all binaries the eccentricity in- 


creases with the period. Interesting information on the relations 


between period and spectral class, the longitudes of periastron. 
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the masses of the binary stars, their densities, and other matters 
are given, but lack of space precludes discussion of them here. 

In chapter 9 some of the more interesting binary systems are 
considered in detail. In the preparation of this chapter an im- 
mense mass of literature has been examined and digested, and the 
author’s first-hand knowledge of the subject is seen everywhere. 

A statistical study of the visual double stars in the northern 
sky is the subject of the next chapter. From the very beginning 
of his labors at the Lick Observatory Dr. Aitken has had this 
object in view. Taking all the stars down to B.D. magnitude 9.0, 
he finds that at least one in every 18, on the average, of the stars 
in the northern half of the sky is a close binary star visible in the 
36-inch refractor; and undoubtedly this ratio is equally high for 
the southern sky. The distribution of these double stars with 
respect to the Milky Way, spectral class and angular separation 
is also considered. 

The final chapter deals with the origin of the binary stars. 
After enumerating the chief facts to be satisfied, the author con- 
siders the capture, the fission and the independent nuclei theory, 
and while favoring the second one, he concludes that no theory so 
far proposed is entirely satisfactory. 

From the above analysis of the contents of this work it is 
evident that it deals with subjects of the highest interest and 
importance in the investigation into our sidereal system. and as 
the treatment is by a master hand, the publication will undoubt- 
edly have a wide circulation and will exert great influence on the 
study of double stars. The book is well printed and well illus- 
trated, and is included in the series of Semi-Centennial Publica- 


tions issued by the University of California. 


C. A. CHANT. 


NOTES FROM THE METEOROLOGICAL SERVICE 


SuMMARY REPportT OF THE WEATHER IN CANADA 
OcTosBER, 1918 


Temperature.—The mean temperature was above the normal 
in all parts of Canada, with the exception of the central and 
northern parts of British Columbia and Southern New Bruns- 
wick. The largest positive departures amounting to between 3° 
and 5°, occurred in the southern portions of Alberta and Ontario. 

The following are the highest and lowest temperatures 
recorded at the various stations during the month : 


Precipitation. —The rainfall was considerably in excess of 
the average in British Columbia and in northern and eastern On- 
tario,and in western Quebec and southern New Brunswick ; else- 
where it was either average or slightly below. Among the 
larger amounts reported were Prince Rupert, 14°8 inches; New 
Westminster, 8°9 inches; Ottawa and Kingston, 5°8 inches; 
Montreal, 5°7 inches ;: and St. John, N.B., 6°6 inches. 
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TEMPERATURE FOR SEPTEMBER, 1918 


STATION 


Yukon 
Dawson 
British Columbia 
Atlin 
Agassiz 
Barkerville 
Kamloops 
New Westminster 
Prince Rupert 
Vancofver 
Victoria 
Western Provinces 
Battleford 
Calgary 
Edmonton 
Medicine Hat 
Minnedosa 
Moose Jaw 
Oakbank 
Portage la Prairie 
Prince Albert 
Qu’ Appelle 
Repina 
Saskatoon 
Souris 
Switt Current 
Winnipeg 
Ontario 
Agincourt 
Aurora 
Bancroft 
Barrie 
Beatrice 
Bloomfield 
Brantford 
Chapleau 
Chatham 
Clinton 
Collingwood 
Cottam 
Georgetown 
Goderich 
Gravenhurst 
Grimsby 
Guelph 
Haliburton 
Huntsville 


October 
STATION 
Highest Lowest 
Kenora 
62 -14 Kinmount 
Kingston 
58 o Kitchener 
66 39 London 
59 17 Lucknow 
72 30 Markdale 
65 37 North Gower 
63 34 Oshawa 
63 38 Ottawa 
66 40 Paris 
Parry Sound 
Peterboro’ 
Port Arthur 
Port Burwell 
64 14 Port Dover 
68 6 Port Stanley 
80 13 Queensborough 
ba 16 Ronville 
70 19 Southampton 
68 Sundridge 
14 Stoneclifte 
Stony Creek 
a 7 Toronto 
16 Uxbridge 
18 Wallaceburg 
18 Welland 
White River 
72 | Quebec 
Brome 
jai 29 Father Point 
66 Montreal 
67 29 Quebec 
Sherbrooke 
? 
Maritime Provinces 
7 32 
70 2g Charlottetown 
Chatham 
75 3 Dalhousie 
70 29 Fredericton 
Halitax 
68 27 Moncton 
7 30 St. John 
72 27 Sussex 
69 20 Sydney 
/ 


2 2 Yarmouth 


October 


Highest Lowest 


66 23 
67 21 
68 31 
76 | 28 
75 27 
7t 26 
70 28 
20 
75 2 
70 2° 
| 
64 26 
72 25 
68 28 
66 27 
70 2! 
66 | 28 
68 23 
67 23 
7I 28 
7 28 
74 29 
73 3° 
67 26 
74 33 
71 29 
63 15 
69 21 
58 22 
66 32 
61 30 
69 24 
62 28 
68 26 
67 25 
66 26 
2 21 
64 32 
65 21 
70 32 
65 20 
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MAGNETIC OBSERVATIONS 
SEPTEMBER, 1918 


During the month of September disturbing forces were act- 
ing almost continuously on the magnets at both Agincourt and 
Meanook and with greatest effect on the following dates, viz., 
1,4, 8, 17 to 21, 30. In each case the maximum departure 
from normal occurred during the early morning hours. Gener 
ally the movements in the forces were comparatively slow in 
oceurling, but in the disturbance in the early morning of the 
2st there were exceedingly rapid changes of large amplitude in 
both direction and force. 

Reports of meteorological observers show the aurora was 
present every night of the month exceptthe21. More observers 
recorded it on the 16th and 29th than on other dates. 


Sunspots were very numerous and in large groups particu- 


larly during the latter part of the month. 
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AGINCOURT MAGNETIC OBSERVATIONS 


Lat. 43° 47’ N.; Long. 79° 16’ W. 
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September, 1918 D. West H Z I 
Mean of Month 6 38°4 15899 58334 74 45°2 
Maximum 7 20°3 1601g 58505 
Date of Maximum 21 21 21 
Minimum 5 56°53 15403 57966 
Date of Minimum 30 21 21 
Monthly Range I 24°0 616 539 
Mean Daily ( From hourly readings 15°0 60 44 
Amplitude From means of extremes 118 94 
MEANOOK MAGNETIC OBSERNATIONS 
Lat. §4° 37’ N.; Long. 113° 21° W. 
September, 1g18 D. East H I 
‘ 
Mean of Month 27 44°7 12034 60566 77 50°7 
Maximum 29 34°2 
Date of Maximum 21 
Minimum 26 14°7 
Date of Minimum 4 
Monthly Range 190°5 
Mean Daily ¢ From hourly readings 16°3 
Amplitude From means of extremes 


Hi and Z are given in Gammas. = o'o000!1 C.G.S.}. 


(4 
All results are reduced to [.M.S. 
The value of I at Meanook is the mean of all the observations made during 
the month without regard to the time of day. 
Meanook is the mean of two observations made about 


The value of If at 


tan L. 


the middle of the month, and the Z is obtained by the formnla Z 


| 
W. E. W. J. | 
5 


°.T. = 


= Air Currents. 


1gO4 Oct. ! 


1gO5 


1907 
1908 
1909 
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Earthquake Records 


EARTHQUAKE RECORDS BY THE MILNK SKISMOGRAPH 


TORONTO 


SIR FREDERIC STUPART, DIRECTOR. 


Preliminary Tremors, S. =Secondary Waves. 


Date coma, | LW. Max 
1918 Comm. Comm. 
h m h m hm hm 
1355°4 
45°! 
14270 J 45 
2 I 37°1? 
14 34°60) 
14 20°7 é 
il ta 14 20°2 to 
14 30°6) 
3 00°75 
5 O83 5 10°60 
13 
12 56°4 § 
= 234970 50°9 
21 4674?) 
1d 2 $°5? 21 53 
144°5 21 49°5 535 
2 18S 2 20°53 
34171 
wi | , 349°4 
“ , 35555 | 
5 3405 354 3 | 493 
27 #5 16 26:8 OBE 
17 84 5 28°9 
F 27 19 14°7 19 26 3 
29 12 43°8 12 47°0O 


L.W. 


Time is Greenwich Civil Mean Time, o or 24 h 


IS O2°0; 


Max. 


Amp. 


minh 
over 
25 


o'2 


= Large Waves. A.C 


midnight. 


Remarks 


[phases 
Micros masked 
2,990 km. Clear 
record, Porte 
Rico eq. Pidal 
wave. 


Market! gradual 


34 00°6 0°05 thickening. 


I 


13 48°7 


Micros. 


Micros. 


ty 
lw 


20 
13} 19°S 


Boom period 18 seconds. Pillar inclination Imm. 


o's 


3.910 km. Possi- 
bly Cen. America 
3,070 km. Re- 
port’d from Porto 
Rico. Amplitude 
A P gradually 
increased. 
Micros. at 15h 
22°4m. F merged 
into next quake. 
Light off at 17h 
27m. attend. inst 


“45. 


4 
\ 
4 No. Ed 
h m 
2 10°1 
= 
4 
22 
o2 
2° 
30 
10:7 
rg18 1°s 
pe 
1Q20 o°2 
4 
4 
q 
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No. 
| 


1908 Oct. 


1909 
Iglto 
1gt} 


1913 
Igl4 
{916 


1Q17 
igis 


19IQ 


Date 


Cut 


Ne) 


Boom period 18 seconds. 


Comm. Comm. | 
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VICTORIA, B. C. 


F. N. DENISON, SUPERINTENDENT. 


Ss. LW. 
Comm. Comm. 
hm is hm s 

1 19 47 


14 31 Ol 14 42 49 


3 01 16 


12 38 58 
25 32 49 
22 49 


22 06 46 § 


3 37 44! 3 46 35 
400 01 | 411 30 


15 57 02 |16 07 24 


17 45 16 


19 31 00? 
\12 47? 


VERTICAL SEISMOGRAPH 


‘ s hm sj hm 
Oct. [hig 24 OOT4 31 4214 44 4214 50 24 


Max. 


Max. 


m s 


12611 
121 48 
46 34 
14 10 


19 32 


» 20 41 


58 32 
4318 
59 09 


Pillar incliration tmm. 


End 
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Remarks 


P. may be L. 
phase. 


5,750 km. Porto 
Rico destructive 
quake. 


5,750kin. Maybe 
West Indies or 
Cen. America. 
6,130 km. 

4,180 km. F 


merged into 
next quake. 


F merged into 
next quake. 


Remarks 


6,110 km. 
Porto Rico 


P.T Max.| 
1918 Comm. | Amp. 
I 37 59 | 
14 23 33 18 14 47 
132557 
| |; 1 24 0060 
|t2 33 53 i2 44 13 | 007. 0°5 
23 31 19 23 33 48 2 14 | 
Ig) 33021 35427, 449 02| 2°0 
mm, 25) 3 52:18 4 5 3a; 
2715 
27 19 20 05 26 0°25 
Ig23 ** 29 12 orl 
S. Max. 
Com. Amp. 
hom s 


ASTRONOMICAL NOTES 


SUGGESTED EXPLANATION OF A Nova.—An explanation 
formerly given was that the appearance was due to the collision 
of two stars. There are two objections to this suggestion. In 
the first place novas are a rather frequent phenomenon, those 
bright enough at maximum to be visible to the naked eve occur 
ring every three or four years. The stars are altogether too small 
in proportion to the distances between them to permit of such 
frequent collisions. In the second place a nova cools down tco 
quickly. The mass of any two stars such as those with which 
we are acquainted, if they came in direct collision, would require 
centuries instead of weeks in which to cool. 

In an effort to avoid the first of these difficulties it was 
suggested that the stars need not necessarily collide, but merely 
pass near enough to produce violent tides, tearing open the sur- 
face and exposing the hot interior. The light of the recent nova 
in Aquila increased 100,000 times in six days. It is clear that 
no tidal effect could produce such a result. Nevertheless it is 
certain that at least one massive brilliant remote star is associated 
with the phenomenon, because in the present instance as in 
several others, the star has been observed or photographed prior 
to the collision. 

Another suggested explanation was that the phenomenon 
was due to an encounter of a star with a meteor shower, in other 
words acomet. The obvious objection to this is that the masses 
of all known comets are infinitesimal, and would be wholly in- 
adequate to produce the effects observed. 

The last and at present most popular explanation is that the 


outburst is due to the collision of a star and a nebula. This 


entirely avoids the first difficulty, if the nebula is big enough, 
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but not the second. The recent nova was certainly not more 
than six days in reaching its maximum brilliancy, immediately 
after which it rapidly decreased in light. If the star was travel- 
ling through the nebula at the rate of speed of the earth in its 
orbit, which is a fair rate for an average star, in six days it 
would have travelled 9,000,000 miles. If spherical this would 
be a very small nebula indeed, and an object that it would be 
very unlikely that a star would hit. This difficulty might be 
avoided if we assume the nebula to be spread out into a wide flat 
sheet, having only that thickness. Novas never last very long, 
so that this theory would imply that most nebulz are flat and 
thin, and are always crossed transversely, both of which propo- 
sitions seem improbable. 

But there are still more serious objections to this theory. 
It was originally suggested to explain the usual nova spectrum, 
that of bright lines accompanied on their blue side by heavy dark 
ones, The bright lines were supposed to be due to the nebula, 
and the dark ones tothe star. The spectra of a very consider- 
able number of novas are now known, and in all cases the dark 
band is on the blue side. Therefore in every one of these cases 
the nebula must be receding and the star approaching. More- 
over the velocities are extraordinarily high, several hundred 
miles a second, so that the direction of the collision must be 
always nearly in the line of sight. These facts seem improbable. 

Still another difficulty is that the novain at least two other 
cases besides this one had reached its maximum brilliancy before 
the bright lines appeared,—in other words before the star 
reached the nebula. 

In framing the various hypotheses hitherto considered, the 
plan of their different authors has evidently been to try all the 
types of known heavenly bodies, and see which one if brought 
into collision with a star would most completely reproduc ‘the 
observed phenomena. Since none of the results seem to be en- 
tirelv satisfactory, let us adopt another plan. Starting with the 
observed facts, let us see what kind of body colliding with a star 
would be most likely to produce them. The most important 
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question obviously relates to its mass. The facts observed in 
the case of the recent nova, which typifies many others, are that 
on June 3 it was of its former usual brightness, namely, the’ 
eleventh magnitude. Four days later its brightness had in- 
creased one hundred times. The next day it had increased one 
hundred and sixty times, and the following day six times more. 
It was then at its maximum brilliancy, and was 100,000 times as 
bright as it had been six days previously. The increase may 
have been still more rapid than this, since we have no means of 
knowing how bright it was upon June 4, 5, or 6 (Harvard 
Bulletin 658). It may therefore have reached its maximum 
brilliancy in three days. Since June 9 it has with some fluctua- 
tions steadily decreased in brightness. 

In order to fix our ideas, and obtain a general impression of 
the sort of body that would be required to produce the results 
observed, let us imagine an object, which we will call a planetoid, 
whose mass is one one-hundredth part of that of the earth, and 
let us imagine it precipitated upon the sun from a very great 
distance. Its yelocity on striking the solar surface would be 
nearly 400 miles per second, and if the heat produced were uni- 
formly distributed in time, it would furnish an output equal to 
that of the sun at present for about 300 days. But suppose that 
the output was not uniform, and that at the maximum the heat 
was given out so fast that at a uniform rate it would last only 
six days. ‘The heat emission would then be 50 times as great as 
at the present time. 

We all know that when a shell fired from a cannon strikes 
the sea at a small angle, it sends up an enormous vertical splash. 
In the case of a nova besides the ordinary splash, there would be 
a tremendous explosion, on account of the heat generated con- 
verting the solid material of the planetoid into gas, and expand- 
ing the gasesin the interior of the star. We may perhaps 
imagine that if a projectile of the size and mass of the suggested 
planetoid, or of our moon, were to strike the sun with a velocity 


of 400 miles per second, it would penetrate the photosphere, and 


explode somewhere in the interior, scattering the photosphere in 
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all directions. If the enlarged photosphere presented 6000 times 
the original surface of the sun, its radius would be 33,000,000 
miles. ‘To increase to this size, assuming that the material was 
projected from the sun’s surface with a parabolic velocity, would 
require 16 days. The increase of brilliancy certainly required 
longer than that in the case of the recent nova, involving there- 
fore a velocity of projection somewhat less than that with which 
the planetoid is assumed to have fallen. —WiILLIAM H. PICKER- 
ING, Popular Astronomy, November, 1918. 


SCIFNCE AND THE FutTurE.—The 165th session of the 
Royal Society of Arts was opened on the 20th inst., when 156 
candidates were proposed for election as Fellows of the Society 
—the largest number since 1904. The chairman of the council, 
Mr. Alan A. Campbell Swinton, F.R.S., im an address on 
‘* Science and the Fnture,’’ said that undoubtedly the war had 
been responsible for an enormous amount of destruction of capi- 
tal, but when those losses were estimated it was not usually 
borne in mind that capital did not merely consist of gold and 
silver, bricks and mortar, furniture and fitments, or even of 
railways steamships, and machinery, but that the main capital 
of the modern world consisted of scientific knowledge. The 
reconstruction of the material things now temperarily destroved 
would take only a very small fraction of the labor and time 
expended when man learnt how to bring those things about. 
When we compiled estimates of losses due to the war we must 
not forget that our greatest asset, the vast store of knowledge 
that science had gathered together, was still intact. In the 
future, if the industries of this country were to flourish in the 
face of the world’s competition, it was above all things necessary 
that Science should play a greater part in them than it had in 
the past. The modern world had no room for antiquated and 
unscientific methods.—Lxglish Mechanic and World of Science, 
No. 2801. 


NOTES AND QUERIES 


Communications are Invited, Especially from Amateurs. The Editor will try to 
Secure Answers to Queries. 


NOVA AQUILAE: WHO SAW IT FIRST? 


The question of priority always arouses interest, and as it is 
important to determine the path by which the nova rose from 
obscurity to be a rival to Sirius, the early observations of the 
object have been subjected to close scrutiny. The earliest photo- 
graph at Harvard Observatory which shows the star was taken 
on May 22, 1888. Then it was of the 11th magnitude, and several 
hundred plates taken since then show that its light was not per- 
fectly constant, though the variation was only about half a mag- 
nitude. On June 3, 1918, it was of about normal magnitude. 
June 4, 5, 6 were cloudy, but Wolf at Heidelberg photographed it 
on the 3th and found it of 10.5 magnitude. On June 7 it was ot 
the 6th magnitude. 

Many reports of early observations are given in “Nature” 
and “The English Mechanic,” and at the present writer's request 
a summary of these was prepared. The order of discovery seems 
to be as follows, the times being for the meridian of Greenwich : 

June 8, 7.53 p.m—R. Watson, South Africa (Mag. 2.0). 

June 8, 840 p.m—M. Luizet, Lyons Observatory. 

June 8, 9.18 pin.—E. V. Piper, Fowey, Cornwall 

June 8, 9.30 p.m.—Grace Cook, Stowmarket. 

June 8, 10.00 p.m.—W. F. Denning, Bristol. 

June 8, 10.00 p.m.—David Packer, Birmingham. 

June 8, 10.15 p.m—C. L. Brook, Meltham. 

June 8, 10.30 p.m.—W. H. Steaverson, West Norwood 

June 8, 10.44 p.m.—H. Thomson, Newcastle. 
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June 8, 10.45 p.m.—Felix de Roy, Thornton Heath. 
June 9, 12.05 a.m.—R. Jonckheere, Royal Observatory. 
June 9, 12.38 a.m.—L. Courvoisier, Babelsberg Observatory. 

Regarding the accuracy of the above observations there can 
he little doubt, but several others have been reported which cannot 
he accepted so readily. Capt. E. V. Piper claims that he saw it at 
12.45 a.m., June 8, equal in “lustre” to Altair; also Prof. Laskow- 
ski. of Geneva, reports that he saw it the evening before, namely. 
June 7, at 8.45 p.m., at which time it was brighter than Alpha 
Ophiuchi (2.1) and less than Altair (0.9). But the Harvard 
photograph, taken after this hour on June 7, gives the magnitude 
as 6, And yet both of these men are said to be good observers. 
and the former certainly saw the star on the succeeding evening. 
Laskowski is stated to have been observing a double star when he 
saw the new star in the finder of his telescope. 

Then two French observers, Messrs. Gazeau and Doré, claim 
that they saw a star in the position of the nova on May 27, that on 
May 30 it was brighter than a Hercules (3.5), and on June 3 
brighter than a Ophiuchi (2.1). Yet Harvard says “normal” 
on June 3. 

In “Popular Astronomy” for October, Professor E. EF. Barn- 
ard discusses some naked-eye observations reported to have been 
made before June &. E. Breson and his wife. at Helsingor, Hol 
land, claim that they saw it on June 6, 7, 8, 9, 10, with magnitudes 

0.06, — 0.06, +- 0.04, + 0.24, + 0.29, respectively. There must 
be some mistake in the dates, probably three days too early. Also, 
\W. J. Luyten, of Deventer, Holland, reports an observation of 
the nova on June 6, made while observing the region of 6 Serpentis. 
It was probably a neighboring star, of 6.5 magnitude, not the nova. 
Considering all the evidence. Barnard concludes that the outburst 
actually occurred between June 5 and June 7, probably on June 6. 

Of course, in this matter of early observations, observers in 
\merica were at a disadvantage. as the darkness came later here. 


The first one to report seems to have been E. L. Gould, of Orange, 


N.J., who noticed it on Saturday evening, June 8, at 13.50 G.ML.T., 
or 8.50 p.m. E.S.T. 
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GLOBULAR DISCHARGE OF LIGHTNING. 
(Communicated by T. L. T.) 

On September 14th, 1918 a Geological Survey party was 
camped in Northern Ontario on the left bank of Shekak River. 
20 chains north of the C.N.R. crossing. At nine o'clock that 
evening, three members of the party saw a ball of white light 
shoot toward the east and downward at an angle of about 45 
to a point apparently close to the right bank of the river, and 
thence backward in a horizontal course toward the left bank, 


LOOKING NORTH ON SHEKAK RIVER 
Dotted line shows course followed by light-ball while under observation. 
position of observers, 

till lost to view behind nearby trees. It was quite evident to all 
observers that the ball followed the courses indicated. and that 
the westerly course was not merely a reflection in the water of the 
falling ball. 

The ball of light was in view for approximately one second. 


its diameter appeared to be one-third that of the moon when full; 
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and the intensity of its light was greater than that of the moon, 
but not blinding, as is a flash of lightning. The distance between 
the light-ball and the observers was variously estimated at 20, 30, 
and 50 chains, all agreeing that it appeared to be quite close. 
The only datum available, other than the estimates, was that it 
travelled on the near side of a line of trees three-quarters of a 
mile distant, and these trees, which were faintly visible in the 
moonlight, did not appear to receive additional illumination from 
the passing light-ball. No sound was heard in connection with 
the phenomenon, but fifteen minutes later sheet lightning was 
observed to the northwest, and this was followed by a distant peal 
of thunder. 

On September 14, after 7 p.m., there were light variable 
winds, and the sky was clear, except for a few clouds at a high 
altitude which moved toward the east. At 6 a.m., September 15th. 
a violent thunderstorm was passing over the camp on Shekak 
River; it lasted until 8 a.m. Rain fell heavily and continuously 
until noon. 

The members of the party who saw the light-ball on Sep- 
tember 14th were J. F. Shupe. Lunenburg, N.S.; A. G. Smart, 
Lachine, P.Q.; and T. L. Tanton, Ottawa. 


THE STARS ARE WAITING. 
By ALBERT DURRANT WATSON. 
The stars are waiting till our hearts are wise; 
They gleam and throb and glow at the bare thought 
That some day, we, beholding with clear eyes 
The deep, celestial splendour of the skies, 
Shall know all beauty out of Love was brought. 


VERSES FOR MR. ELVINS. 
On the occasion of his 95th birthday anniversary, May 4th 
last, one of Mr. Elvins’s neighbors composed some verses, and 
although their author would not claim that they have any value 


as poetry. | reproduce them here. 


- 
age 
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TO ANDREW ELVINS 
(On completing his 95th year.) 


When you arrived on this sublunar sphere, 

No telephone conveyed some words of cheer. 
Nor telegram to some dear kinsman went, 

To give him notice of this glad event. 

No steamship then had left its smoky trail, 

On Cornish cliffs to wait the clearing gale, 

Nor iron-horse by Titan strength had then 
Been harnessed by ingenious sons of men. 

No distant Neptune then was known to be 

\ member of our Solar family, 

Nor spectroscope had yet arrived to show 

What burning gases make the sun to glow. 

And now the years like clouds have passed away, 
But wonder-laden since your natal day, 

\nd in those years what marvels you have séen 
\s thoughtful student with a vision keen. 

\ltho’ much busied with life’s common things, 
\nd work that to the home its comfort brings, 
You yet found time to study Nature’s laws, 

\nd with clear mind to trace effect to cause. 
Your zeal for truth, and scientific lore, 

Soon brought some kindred spirits to your door, 
Who under your wise guidance did agree 

To found the A. and P. Society. 

This band of savants grew from year to year, 
\nd ever listened with attentive ear, 

To what you brought them from your varied store, 
Of facts observed, and principles galore. 

They for unselfish service long and true 

\ membership for life conferred on you. 

You peered with mind alert while in your prime, 
Beyond the common gaze to things sublime— 
To those bright orbs revolving as you saw 

In perfect harmony with Newton's law. 

And on great Jove observed what did suggest 
The moon that Barnard saw on making quest. 
When you illimitable space surveyed, 

1 doubt not you emotion deep displayed. 

The awe-inspiring grandeur of the scene 

Raised high your thoughts above all things terrene, 
To that great First Cause—that Eternal Mind, 
Who those celestial glories first designed. 

When you leave us with Heaven's attuned ears, 
You'll find your joy in “Music of the Spheres.” 

FREDERICK 
78 Chelsea Avenue, 

May, 1918. 
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PLATE XNII. 


A HAILSTONE 


which fell during a thunderstorm at Britannia, near Ottawa, August 7, 1918. 


The storm was accompanied by a very high wind, of velocity 50 to 60 miles 


er hour. The original size was 2} x 2 x 1} inches. The photographs 
4 I grap 


were taken by A. Steadworthy, of the Dominion Astronomical Observatory ; 


the right-hand one 30 minutes after the stone was picked up, the left-hand 


one 20 minutes later still. 
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